Abstract. We perform a systematic study of physical properties and distribution of neutral and ionised gas in the halo of the Milky Way (MW). Beside the large neutral intermediate-and high-velocity cloud (IVC, HVC) complexes there exists a population of partly ionised gaseous structures with low-column densities that have a substantial area filling factor. The origin and nature of these structures are still under debate. We analyse the physical parameters of the MW halo gas and the relation to quasar (QSO) metal-absorption line systems at low and high redshifts. For this purpose we combine
Introduction
High-resolution emission and absorption line measurements have demonstrated that galaxies at low and high redshift are surrounded by large amounts of neutral/ionised gas with a broad range of physical parameters (e.g., Fraternali et al. 2007; Sancisi et al. 2008 , and references therein). The properties of the extraplanar gas are predominantly determined by the accretion of metal-poor gas from intergalactic space and the outflow of metal-enriched gas from star forming activities (e.g., Sembach et al. 2003; Fraternali & Binney 2006) .
The most prominent Galactic halo structures are the IVCs and HVCs which represent clouds of neutral atomic hydrogen seen in 21-cm emission at radial velocities inconsistent with a simple model of Galactic disk rotation. Beside the massive IVC/HVC complexes there also exists a population of low-column density absorbers with H i column densities of N HI < 10 19 cm −2 .
One key aspect for our understanding of the nature and origin of these halo clouds and their role for the evolution of the MW is the determination of metal abundances of these clouds. An efficient way to study parameters and distribution of these systems over a large range of column densities (at low and high redshifts) is to combine absorp-2 N. Ben Bekhti et al. tion line measurements in the direction of quasars and H i 21-cm radio observations (Richter et al. 2001 (Richter et al. , 2005 Ben Bekhti et al. 2008) .
While there are a large number of recent absorption studies on the nature of IVCs and HVCs and their role for the evolution of the MW, relatively little effort has been made to investigate the connection between the Galactic population of these clouds and the distribution and nature of intervening metal-absorption systems from halos of other galaxies seen in QSO spectra. Especially, Mg ii and C iv absorption line systems (e.g., Charlton et al. 2000; Bouché et al. 2006) and their relation to galactic structures suggest rather complex absorption characteristics of these structures indicating the multi-phase nature of gas in the inner and outer halo of galaxies.
In our project we systematically analyse low-column density gaseous structures in the inner and outer halo of the MW detected in Ca ii and Na i absorption towards QSOs along 402 sight lines. Our study allows to directly compare the observed column density distribution of gas in the MW halo with the overall column density distribution of intervening metal absorbers toward QSOs.
Studying the complex interplay of gas exchange between galactic disks and halos (infall, outflow, merging) and the analysis of the properties are crucial to understand the role of this gas for the evolution of galaxies.
Data
Our analysis is based on 402 archival optical spectra of background QSOs obtained with the Ultraviolet and Visual Echelle Spectrograph (UVES) at the ESO/Very Large Telescope. The spectra used to search for the Ca ii and Na i lines have a spectral resolution of R ≈ 40000 − 60000, corresponding to approximately 6.6 km s −1 FWHM. The absorption measurements were complemented with single-dish H i 21-cm data obtained from the Effelsberg-Bonn HI Survey (EBHIS, Winkel et al. 2010 ) and the Galactic All-Sky Survey (GASS, McClure-Griffiths et al. 2009; Kalberla et al. 2010 ). The sizes of the telescope beams are ∼ 9 ′ (EBHIS) and ∼ 14 ′ (GASS). The velocity resolution is about 1.3 kms −1 and 1 kms −1 , respectively. The rms is about 90 mK for EBHIS and 57 mK for GASS.
Up to now five sight lines were also observed with the Westerbork synthesis radio telescope (WSRT) and the Very Large Array (VLA) to search for small-scale structures embedded in the observed diffuse gas. Figure 1 shows an all-sky HVC map based on the LAB-survey (Kalberla et al. 2005) . We find Ca ii (Na ii) absorption in 122 (71) out of 402 sight lines measured with UVES. Corresponding H i emission was detected with EBHIS (GASS) in 36 (60) cases out of 62 (103) measured lines of sight. These results suggests that the MW halo contains a large number of such low-column density structures.
Observational Results
For example, the line profiles of Ca ii and H i for one observed system are shown in Fig. 2 . The solid lines mark the minimal and maximal LSR velocity which is expected for the Galactic disc gas according to a MW model developed by Kalberla et al. (2007) . The dashed lines indicate the location of the absorption and corresponding emission lines of the absorbers. In many cases we observe distinct absorption lines but no corresponding IVC or HVC 21-cm emission is seen with EBHIS or GASS. This suggests that either the H i column densities are below the detection limit or that the diameters of the absorbers are so small that beam smearing effects make them undetectable.
The profile fitting of the optical absorption and 21-cm emission lines allows the determination of physical parameters like column densities and Doppler-parameters, b. Some of our absorbers have multiple components in their spectra implying the presence of substructure. Richter et al. (2005) 
Statistical results

Following Churchill et al. (2003) we define the column density distribution (CDD) function f (N) = m
∆N where m is the number of absorbers in the column density interval [N + ∆N]. Fig. 4 shows the results for Ca ii and Na i. The Ca ii and Na i column densities for log N CaII > 11.6 and log N NaI > 11 follow a power law f (N) = CN β with the slopes β = −1.6 ± 0.1 (Ca ii) and β = −1.1 ± 0.1 (Na i). The vertical solid lines indicate the median detection limit of our sample and the dotted lines represent the spectrum with the highest noise level belonging to the worst detection limit. The flattening of the Ca ii distribution towards lower column densities is most likely caused by a selection effect.
Churchill et al. derived the CDD function for strong Mg ii systems in the vicinity of galaxies at redshifts z = 0.4 . . . 1.2 and found a slope of β = −1.6 ± 0.1 which is similar to the slope of our Ca ii CDD. This suggests that Ca ii and Mg ii probe similar gaseous structures in the environment of galaxies.
We used the conversion formula find by Wakker & Mathis (2000) to convert our observed Ca ii and Na i column densities into H i column densities. They used highresolution absoption and 21-cm emission line data of IVCs and HVCs to find this relations for Ca ii, Na i, and H i. These conversions are afflicted with large systematic uncertainties and thus have to be used with caution, because Ca ii and Na i with their low ionisation potentials of 12 and 5 eV probably do not represent the dominant ionisation stages in the diffuse ISM. Furthermore, calcium is very easily depleted onto dust grains. Figure 5 shows the CDD function f (N) of the converted H i column densities. The solid lines represent the power law fits with β = −1.20 ± 0.02 in the range log N CaII = 19 . . . 25 (Ca ii) and β = −1.24 ± 0.05 in the range log N NaI = 19.1 . . . 21.5 (Na i). Petitjean et al. (1993) have investigated the H i CDD function of intergalactic QSO absorption line systems with a mean redshift of z = 2.8 with the help of high spectral resolution data. They find a slope of β = −1.32 for log N HI between 16 to 22 (see also Lehner et al. 2007) . It is interesting that the slopes are in general agreement with the statistics of low-and high-redshift QSO absorption line data. It appears that the column density distribution of extraplanar neutral gas structures (i.e., HVCs and their extragalactic analogues) is roughly universal at low and high redshift. Figure 6 shows the distribution of the deviation velocities for the Ca ii and Na i absorbers in the MW. We observe a slight excess towards negative velocities which probably means that more clouds are infalling to the galactic disk. For a more detailed statistical analysis see Ben Bekhti et al. (2010, in prep.) .
Summary
With our large and sensitive optical absorption and H i emission line data sample we could show that the MW halo contains a large number of low-column density absorbers producing Ca ii and Na i absorption in the spectra of background QSOs. In some cases the Ca ii absorption lines are associated with known intermediateand high-velocity clouds, but in other cases the observed absorption has no H i 21-cm counterpart. The observed Ca ii column density distribution follows a power-law with a slope of β ≈ −1.6. This distribution is similar to the distribution found for intervening Mg ii systems that trace the gaseous environment of other galaxies at low and high redshift. The results of the converted H i CDD functions suggest that the halo gas follows the universal power-law of the column density distribution of QSO absorption line systems.
With radio synthesis telescopes we found small and compact clumps in the direction of all observed sight lines. These observations are in agreement with the observed multiphase structures of clouds in the halos of galaxies. Cold and compact structures are embedded in a warm diffuse envelope.
The presented results show how important measurements at different wavelengths and with different resolutions are to get a complete view of the low-column density halo gas. Analysing several spectral regimes provides us to study the variety of elements, distinct gas phases and structure sizes.
The work which we have done so far represents only the first step in our project. We will go on with the systematically study of the low-column density gaseous environment of the Milky Way and to study the role of the gas for the formation and evolution of our own galaxy. Therefore we are planning to extend our study of extraplanar absorbers using additional high-resolution absorption line data. We will supplement this sample with H i single dish and interferometric data. This will allow us to improve our statistical analysis of the distribution and the physical properties of the halo gas (Ben Bekhti et al. 2010, in prep.) . The study of absorption from various neutral and weakly ionised species will lead to the determination of metallicities which will help to clarify whether the extraplanar gaseous structures are of Galactic or extragalactic origin.
